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Two natriuretic substances in extracts of urine from normal
man when salt-depleted and salt-loaded
EVELYN M. CLARKSON, SHEELAGH M. RAW and HUGH E. DE WARDENER
Department of Medicine, Cha ring Cross Hospital Medical School, London, England
Two natriuretic substances in extracts of urine from
normal man when salt-depleted and salt-loaded. When the extra-
cellular fluid volume is expanded, the subsequent rise in urinary
sodium excretion that occurs is due in part to a change in the
concentration of some circulating natriuretic substance. Two nat-
riuretic substances with different characteristics on Sephadex chro-
matography have each previously been identified separately by
different workers. Extracts prepared from the urine of 31 normal
subjects were tested for these two natriuretic materials in the
normal conscious water-loaded rat. Two natriuretic fractions were
found. The larger of the two was prepared on G50 Sephadex, and
the smaller on G25 Sephadex. The natriuresis produced by the
larger material was slow to develop and persisted for two hours.
The natriuresis produced by the smaller material was maximal in
the first 20 mm, declined rapidly within the next 40 mm, and tended
to rise again during the subsequent 60 mm. The amount of natriu-
retic activity that could be extracted from the freeze-dried urine
was diminished by high concentrations of sodium chloride. The
natriuretic activity of both materials was greater in the urine of the
subjects when they were salt-loaded than when they were salt-
depleted. The urine of salt-depleted subjects contained significant
amounts of natriuretic material.
Deux substances natriurétiques dans les extraits préparés a partir
de l'urine d'homme normal déplété en sel ou chargé en sel. Quand le
volume du liquide extra-cellulaire est augmenté, l'augmentation
consecutive de l'excrétion urinaire de sodium est due en partie a
une modification de Ia concentration d'une substance natriurétique
circulante. Deux substances natriurétiques qui ont, en chromato-
graphic sur Sephadex, des caractéristiques diffCrentes ont été ante
rieurement identifiées par différents auteurs. Les extraits préparés a
partir de l'urine de 31 sujets normaux ont été étudiés, du point de
vue de ces deux facteurs natriurCtiques, chez le rat normal éveillé
en diurèse aqueuse. Deux fractions natriurétiques ont été trouvées.
La natriurése produite par Ia fraction Ia plus grande est lente a
s'installer et persiste pendant deux heures. La natriurése produite
par Ia fraction Ia plus petite est maximale dans les 20 premieres
minutes, diminue rapidement pendant les 40 minutes suivantes et
tend a augmenter a nouveau pendant les 60 minutes suivantes. La
quantité de substance natriurétique qui peuttre extraite de l'urine
lyophilisee est diminuée par les concentrations élevées de chlorure
de sodium. L' activité natriurétique des deux fractions est plus
grande dans l'urine des sujets quand us sont charges en sd que
quand ils sont deplétés en sd. L'urine des sujets depletes en sel
contient du materiel natriurétique en quantite significative.
It has been demonstrated that extracts prepared on
G50 Sephadex from the urine of salt-loaded subjects
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are natriuretic, whereas those prepared from the
urine of salt-depleted subjects are without effect
[1—3]. It has also been shown that a natriuretic frac-
tion can be obtained from the urine of salt-loaded
normal dogs using G25 Sephadex, whereas the same
fraction obtained from the urine of dogs on a normal
salt intake is not natriuretic [4,5]. The active extract
obtained from the G50 Sephadex separation contains
substances of molecular weight theoretically greater
than 30,000, whereas that from the G25 Sephadex
contains substances of molecular weight theoretically
less than 3,000. The present study was designed to
investigate further the properties of the natriuretic
material obtained from the G50 separation which
was performed with a modified technique, and to find
out whether the fraction which has been prepared by
G25 separation from the urine of the salt-loaded
normal dog is natriuretic when prepared from the
urine of salt-loaded normal man. These in-
vestigations also reveal why these two substances
have not previously been obtained by a single separa-
tion procedure.
Methods
Experimental procedure for salt-depleting and salt-
loading normal man. The subjects were male medical
staff and students carrying out their normal duties.
Fourteen were only salt-loaded; 17 were both salt-
loaded and salt-depleted. During the period of salt
depletion, the subjects were given a diet containing
not more than 25 mEq of NaCl/day for three to five
days. The food taken by the subjects during this
period was supplied by the metabolic ward kitchen.
On the first day the subjects were given 20 mg of
frusemide to increase the rate of sodium depletion.
Twenty-four-hour urine collections were made on the
second and subsequent days. Only those 24-hr urine
collections in which the sodium excretion was less
than 25 mEq were used to prepare extracts.
During the period of salt-loading, the subjects were
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Fig. 1: Top, Elution pattern obtained from gel filtration of concen-
trated urine on G50 Sephadex with 0.1 M acetic acid as eluent. Eluent
volume is given from columns 2.5 X 90 cm and 5 X 90 cm; the
latter are in brackets. Bottom, Elution pattern obtained from gel
filtration of concentrated urine on G.25 Sephadex with 0.01 M ammo-
nium acetate as eluent.
on a normal diet supplemented with 300 mEq of
NaCI/day in the form of wax-based sodium chloride
(Slow Sodium®, Ciba). The high salt intake continued
for six days. Twenty-four-hour urine collections were
obtained during the last three to four days. Only
those urine collections in which the sodium excretion
exceeded 300 mEq/day were used to prepare extracts.
Urine excreted during the day was frozen immedi-
ately. At night the urine was kept at 4°C until it was
frozen the following morning.
Preparation of urine extracts on G50 and G25
Sephadex (Fig. 1). In order that the sodium content of
all the urine be the same before the extraction pro-
cedure was begun, 300 mEq of solid sodium chloride
was added to the urine of the subjects when they were
salt-depleted so that the content of sodium was the
same as that when they were salt-loaded. Each 24-hr
urine was then freeze-dried in a centrifugal bulk
freeze-drier (Edwards, Model EF6). The urine was
extracted into either acetic acid or water and the
insoluble residue separated in a refrigerated centri-
fuge (Sorvall). The supernatant solutions were ap-
plied to columns of Sephadex which had been equili-
brated with eluent. Application and elution of
samples were performed with pumps (LKB Perpex)
at speeds which depended on the cross-sectional area
of the column and the type of Sephadex gel. Timed
collections were made using an automatic fraction
collector (LKB Ultrorac). Eluates were monitored at
254 or 280 nm. The appearance and disappearance of
salts in the eluate was measured manually with flame
photometer (Eppendorf).
1. G50 Sephadex. The technique used was similar
to that which has previously been described [1—3]. It
differed in that columns 5 X 90cm instead of 2.5 >< 90
cm were used, and freeze-dried 24-hr urine collections
were extracted into 100 ml instead of 15 to 20 ml of
0.1 M acetic acid. G50 Sephadex (fine grade), equili-
brated in 0.1 M acetic acid (pH 3.0), was used. Elution
was carried out with 0.1 M acetic acid at 140 mI/hr in
an upward direction. Eluate emerging from the col-
umn was monitored at 254 nm. The eluate emerging
before the salts was divided into two parts and freeze-
dried (Fig. 1). The first fraction (F1) consisted of
eluate emerging between approximately 550 and
1,000 ml with the void volume of the gel, which
theoretically contained substances with molecular
weights of 30,000 or more. The second fraction (F2)
consisted of eluate emerging between approximately
1,000 and 1,400 ml which theoretically contained sub-
stances with molecular weights ranging between
30,000 and 1,500. The third fraction (F3), which con-
tained the salts and consisted of eluate which
emerged between approximately 14,000 and 18,000
ml, was collected on five occasions and freeze-dried.
On three occasions, 6 hr of a 24-hr freeze-dried urine
collection was dissolved in 25 ml of 0.1 M acetic acid.
The solution was applied to columns (2.5 >< 90cm) of
G50 Sephadex and was eluted at 40 mI/hr. The frac-
tion (F4) which appeared immediately after the salts,
between approximately 700 and 900 ml of eluate,
was freeze-dried.
2. G25 Sephadex. The technique used was the same
as that of Bourgoignie et a! [61. Columns (2.5 X 90
cm) of G25 Sephadex (fine grade) equilibrated in 0.01
M ammonium acetate (pH 6.8) were used. A 5-hr
sample of urine from a freeze-dried 24-hr urine col-
lection was extracted into 25 ml of deionized distilled
water and applied to the column. The sample was
eluted downwards at 55 mI/hr. Eluate emerging from
the column was monitored at 280 nm. Fraction I (F1)
which emerged with the void volume and the fraction
(F4) which emerged immediately after the salts, be-
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tween approximately 580 and 730 ml of eluate, were
freeze-dried.
Further separation procedure used on fraction I (F1)
obtained from G25 Sephadex, and on fraction 3 (F3)
obtained from G50 Sephadex. Freeze-dried fraction I
obtained from the G25 separation of the urine of
subjects 27 to 31 when they were salt-loaded
was dissolved in 15 ml of 0.1 M acetic acid, applied to
columns (2.5 X 90 cm) of G50 Sephadex, and eluted
at 40 mI/hr. Fraction 1 was freeze-dried for assay.
Six hours of freeze-dried fraction 3 (which con-
tained the salts), obtained from the G50 Sephadex
separation of the urine of subjects 16 to 19 when salt-
loaded, were extracted into 25 ml of 0.01 M ammo-
nium acetate, applied to columns (2.5 X 90 cm) of
G25 Sephadex, and eluted at 55 mi/hr. Fraction 4
was freeze-dried for assay.
Procedure to test the effect of salt concentration on
the natriuretic activity of extracts prepared from the
urine of subjects 15 to 22 and 26 to 31 when they were
salt-depleted. In these 14 subjects extracts were made
without the prior addition of salt to the urine and
their natriuretic activity was compared with that of
extracts prepared from urine to which salt had been
added in the usual way. Forty-eight-hour urine col-
lections were pooled and divided into two samples.
Solid sodium chloride was added to one half so that
the content of salt was the same as that in the sub-
jects' urine when salt-loaded; the other half was not
treated. The two urine samples were freeze-dried sep-
arately and extracts were made from each by the
methods described above.
Procedure to test the effect of heat on the natriuretic
activity of extracts prepared from the urine of subjects
18 to 22 and 27 to 31 when salt-loaded. Extracts (F1)
obtained on G50 Sephadex and (F4) on G25 Sepha-
dex were prepared for assay (see following) and di-
vided into two. One-half was heated at 100°C for 15
mm in a boiling water bath, the other half was left
unheated. Heated and unheated extracts were as-
sayed for natriuretic activity (see following).
Preparation of extracts for assay. 1. G50 extracts.
Extracts were dissolved on the day of assay in a
solution containing 10 mEq of NaCI and 50 g of
dextrose/liter (dextrose saline). The insoluble residue
was removed by centrifuging at 4°C and the pH of
the extracts adjusted to between 7.2 and 7.3 with 2 M
NaOH. The sodium content of the extract was then
estimated and the dissolved extracts were kept at 4°C
for up to two hours until injected into the rats. 0.1 ml
of the final solution contained extract equivalent to
one hour of original urine. Control solutions con-
sisted of dextrose saline which contained sodium at
the same concentration in which it was present in the
dissolved extract. 0.5 ml of these control solutions
produced no consistent change in urinary sodium
excretion in control assay rats.
2. G25 extracts. Extracts were dissolved on the day
of assay in a solution containing 5 g of dextrose/lOO
ml. The pH was adjusted to between 7.2 and 7.3 with
2 M NaOH. Any insoluble residue which remained
was removed by centrifuging at 4°C. The extracts
were kept at 4°C until injected into the rats. Extract
equivalent to two hours of original urine was present
in 1.0 ml of the final solution. In most experiments
the concentrations of sodium, potassium, urea and
ammonia were estimated. Control solutions were pre-
pared which consisted of 5 g/100 ml of dextrose
containing these substances at the concentration in
which they were present in the dissolved extract (so-
dium, 25 to 40 mEq/liter; potassium, 2 to 10
mEq/liter; ammonia, 15 to 30 mEq/liter; urea, 50 to
500 mg/l00 ml). There was no consistent change in
urinary sodium excretion in control assay rats when
1.0 ml of these control solutions was used.
Assay for natriuretic activity. Extracts of urine were
tested for natriuretic activity by a technique pre-
viously described [3] using conscious male rats weigh-
ing 105 to 135 g, starved for 24 hr before each assay,
but allowed free access to tap water. The rats were
supplied each week by Charles River (UK) Ltd. Dur-
ing the course of the study, this firm intimated that
Wjstar rats would become unavailable. Some of the
extracts were, therefore, tested on several occasions
in both Wistar and Sprague-Dawley (SPF) rats. It
was established that the response of both strains to a
given extract was the same and, therefore, the results
of all assays on each extract were used. Subsequently,
only Sprague-Dawley rats were included.
The rats were restrained in clear plastic cylinders.
A needle connected to the infusion line was inserted
into the tail vein through which the rats were given a
loading infusion of a solution containing 20 mEq of
NaCI and 50 g of dextrose/liter at a rate of 0.4
mi/mm up to a volume equal to 7.5% of the rat's
body wt. This was followed by a maintenance solu-
tion of dextrose saline which was infused i.v. at a rate
of 0.2 mI/mm throughout the remainder of the ex-
periment.
The rats voided urine spontaneously into weighed
tubes via a funnel attached to the cylinder. Urine was
collected during 20-mm periods. Dissolved extracts
were injected into the tail vein 110 mm after the
maintenance infusion was begun. Those involved in
the assay did not know the identities of the extracts
obtained during salt-loading and salt-depletion until
the final results had been calculated.
1. Assay of G50 extracts. The tail vein was injected
at 0.2 mi/mm with 0.5 ml of dissolved G50 extracts
representing five hours of original urine. The mean
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urinary sodium excretion during 40 mm before an
injection was compared with the mean urinary so-
dium excretion during the 120 mm after the injection.
Each extract was tested in two to ten rats. The change
in urinary sodium excretion due to the injection of an
extract was compared with the simultaneous change
in urinary sodium excretion of control rats studied on
the same day which received 0.5 ml of control dex-
trose saline solution injected at 0.2 mI/mm. Results
obtained on rats in which the mean urinary sodium
excretion during the 40 mm before the injection was
less than 1.0 tEq/min were discarded.
Although the individual results showed a wide
scatter, there was little overall change in urinary so-
dium excretion of 138 control rats during the 120 mm
after an injection of 0.5 ml of dextrose saline, when
compared with the urinary sodium excretion during
the preceding 40 mm; the mean change was +0.01
tEq/min SD 0.71; range, +2.0 to —2.2 Eq/min,
2. Assay of G25 extracts. The tail vein was injected
with 1.0 ml of dissolved 025 extract, representing
two hours of original urine, at 0.2 ml/min. The
change in urinary sodium excretion due to the in-
jection of an extract was compared with that of con-
trol rats studied at the same time which received 1 .0
ml of the control solution. The mean urinary sodium
excretion during 20 mm before the injection was com-
pared with the mean urinary sodium excretion during
the 60 mm after the injection. The periods of observa-
tion both before and after the injection of 025 ex-
tracts were shorter than those used for the G50 ex-
tracts in order that the results would be comparable
to those obtained by Favre et al [4].
Extracts prepared from the urine of subjects 27 to
31 when salt-loaded, and of subjects 27, 30 and 31
when salt-depleted, were tested in rats which were
given a priming dose of 1.0 MCi of 51Cr EDTA fol-
lowed by the administration of 0.025 MCi/mm, which
was included in the dextrose saline maintenance solu-
tion.
Extracts obtained from subjects 23 to 25 when they
were salt-loaded were assayed before and after treat-
ment with thioglycollate (see following).
Assay for vasopressin. Extracts (F1 from the G50
separation) prepared from subjects 10 and 12 when
salt-loaded were assayed for vasopressin in the alco-
hol-anesthetized water-loaded rat by a technique pre-
viously described [7]. The extracts were assayed be-
fore and after treatment with thioglycollate when 0.1
ml of 0.2 M thioglycollic acid was added to 1.0 ml of
dissolved extract, the pH adjusted to between 7.4 and
7.5 with molar sodium carbonate and the solution
kept at 25°C for one hour.
Assessment of changes in glomerular filtration rate.
The taking of blood from the conscious rat during an
assay was avoided. In the rats given extracts from the
G50 Sephadex separation, therefore, an index of
change in glomerular filtration was obtained by
measuring changes in urinary creatinine excretion, In
the rats given the 025 material, the high chromogen
content of the extracts prevented the accurate estima-
tion of creatinine. Changes in glomerular filtration
rate in these rats were therefore assessed by studying
changes in the urinary excretion of 51Cr EDTA. The
changes in urinary creatinine excretion and in the
urinary 51Cr EDTA excretion were studied over the
same periods as the changes in urinary sodium excre-
tion.
Analytical methods. Sodium, potassium, creatinine
and urea were measured in an autoanalyzer. Am-
monia was measured using a modification of a
method described by Fawcett and Scott [8]. 51Cr
EDTA was measured in a sample changer (Nuclear
Enterprises, NE 8311).
Statistical Analysis. Statistical evaluation of the
data was performed using Student's t test for un-
paired observations. When N was less than 10 the
nonparametric Mann-Whitney U test was used [9].
Results
Extracts obtained with G50 Sephadex. 1. Observa-
tions on the extracts obtained from subjects 1 to 14
when salt-loaded. The extracts prepared from the first
fraction (F1) were natriuretic whereas the other two
fractions (F2 and F4) produced no change in sodium
excretion.
a. Effect of extracts (F1) on urinary sodium excre-
tion. The urinary sodium excretion of 45 rats rose
from a mean of 2.58 Eq/min during the 40 mm
before the injection of extract to a mean of 4.10
MEq/min during the subsequent two hours. The mean
urinary sodium excretion of 48 control rats which
received an injection of dextrose saline rose from 2.64
to 2.69 Eq/min. The rise in urinary sodium excre-
tion of rats given the extract was significantly greater
than that of control rats (2P < 0.001).
b. Effect of extracts (F1) on urine volume. The urine
volume fell from 0.19 mI/mm during the control
period to 0.17 mI/mm after the injection. The urine
volume of the control rats fell from 0.19 to 0.18
mi/mm.
c. Vasopressin content of extracts (F1) prepared
from the urine of subjects 10 and 12. A mild antidiure-
sis, which was followed within 40 seconds by a tran-
sient diuresis lasting about one to two minutes, re-
sulted from 0.2 ml of the extracts, an equivalent to
two hours of original urine. The antidiuresis was less
than that obtained with an injection of 10 izU of
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arginine vasopressin. After treatment with thioglycol-
late, the extracts produced an identical response.
d. Effect of extracts (F1) on the urinary creatinine
excretion. There was a significant fall (2P < 0.001) in
creatinine excretion both in the rats which received
extract and in the control rats. The changes in the two
groups were not significantly different. In the rats
given extracts, there was no correlation between the
Table 1. Effect of extracts (F1) prepared on G50 Sephadex
3.65 +0.08
17 5.13 +1.00 0.21 —0.03 2.64 +2.18 0.18 —0.02 4.38 —1.16
4.73 +0.71 0.19 —0.02 2.83 +1.59 0.21 —0.06 3.83 —0.26
3.31 —0.39
1.60 +0.07
19 2.87 +1.13 0.19 —0.02 2.72 +2.33 0.19 —0.03 3.01 —0.18
3.30 +0.61 0.20 —0.01 2.56 +2.51 0.19 —0.03 3.89 —0.93
2.08 +0.17
0.20 —0.02
0.17 —0.01
0.19 —0.03
0.21 —0.03
0.20 —0.03
0.23 —0.01
0.19 —0.04
0.17 0
Salt-depleted Salt-loaded Control rats
Subject UNV, pEq/min UV, mi/mm UNV, j.tEq/mmn UV, mi/mm UNV, sEq/min UV, mi/mm
No. Pre A Pre A Pre A Pre A Pre A Pre A
3.58 —1.07 0.38 —0.01
2.79 +1.62 0.20 —0.04 1.96 +1.12 0.18 +0.01
3.14 +1.71 0.18 —0.02 2.90 +0.47 0.16 +0.02
3.44 +1.78 0.18 —0.01 3.75 —0.01 0.17 +0.01
3.03 +2.60 0.18 —0.02 3.29 —0.63 0.18 —0.01
15 4.78 +1.09 0.18 0 3.95 +1.74 0.20 —0.02 1.89 +0.17 0.18 +0.01
5.11 +0.07 0.20 —0.02 2.53
2.93
2.95
2.83
2.14
+2.34
+1.42
+1.05
+0.78
+ 1.63
0.19
0.19
0.20
0.20
0.12
0
—0.05
—0.05
—0.03
+0.02
1.58
2.97
1.71
2.84
2.51
1.57
+0.69
—0.15
+0.70
—0.06
—0.21
—0.55
0.17
0.20
0.36
0.20
0.17
0.18
+0.03
0
+0.01
—0.03
0
+0.01
16 3.09 +0.95 0.21 —0.03
2.52
3.71
+1.36
+1.20
0.16
0.19
0
—0.02
4.05
1.93
1.93
—0.19
+1.28
+1.79
0.20
0.19
0.16
—0.01
0
+0.01
3.46 +0.66 0.21 +0.01 4.01
3.47
+0.23
+1.20
0.18
0.22
—0.02
—0.06
2.30
3.24
—0.43
+1.30
0.18
0.14
—0.03
+0.04
2.60 +2.81 0.19 —0.01 3.04 —0.39 0.17 —0.01
18 3.35
3.84
+0.17
+0.14
0.21
0.19
—0.03
—0.03
2.33
4.14
4.04
2.57
+1.52
+0.98
+2.21
+2.96
0.19
0.22
0.21
0.18
—0.02
—0.06
—0.04
0
3.64
5.39
+0.15
—0.48
0.20
0.21
0
—0.02
20 3.02 +1.26 0.18 —0.02
4.44
4.03
3.65
1.92
4.18
1.54
1.34
—1.10
+0.54
+1.00
+1.77
—0.09
+2.24
+1.24
0.21
0.17
0.19
0.17
0.20
0.19
0.16
—0.05
—0.01
—0.03
0
—0.03
—0.02
0
21 2.55
2.55
+ 1.50
+0.43
0.15
0.18
+0.02
—0.03
3.22
3.69
3.07
2.02
1.48
2.47
+1.07
+1.01
+0.74
+1.09
+1.64
+0.98
0.19
0.20
0.20
0.17
0.21
0.20
—0.03
—0.01
—0.05
+0.01
—0.03
—0.04
22 4.51
3.10
+0.19
+0.96
0.21
0.19
—0.04
—0.02
2.87
2.99
+1.32
+1.50
0.18
0.18
—0.02
—0.05
3.58
1.12
—0.17
+1.08
0.19
0.14
—0.01
+0.04
Mean
SD
3.69
0.92
+0.72
0.44
0.19
0.02
—0.02
0.02
3.01
0.82
+1.44
0.79
0.18
0.02
—0.02
0.02
2.80
0.99
+0.01
0.69
0.18
0.02
0
0.02
3.13 —0.83 0.23 —0.05
2.52 —0.37 0.19 —0.02
3.83 —0.23 0.15 +0.03
2.18 —0.49 0.18 —0.02
1.63 +0.87 0.17 0
3.08 —0.28 0.18 —0.02
1.28 +1.06 0.15 +0.04
2.85 —0.33 0.21 —0.03
3.52 —0.78 0.23 —0.06
2.46 +0.01 0.37 0
Changes in urinary sodium excretion and urine volume of 41 control rats, and of 54 rats which received an i.v. injection of extracts
prepared from urine of subjects 15 to 22 when salt-depleted ani salt-loaded. UNaY = urinary sodium excretion. UV = urinary volume.Pre = mean results during the 40 mm before the injection. A = mean changes during the 120 mm after the injection.
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Fig. 3. Mean changes in urinary sodium excretion of control rats and of rats given extracts (F1)
prepared on G50 Sephadex from the urine of subjects 15 to 22 when sail-depleted and salt-
loaded. Number of rats is in brackets.
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Fig. 2. Changes in the urinary sodium excretion of rats given extracts (F1) prepared on G50
Sephadex from the urine of subjects 15 1022 when salt-depleted and salt-loaded and of control
rats given dextrose saline. Each cross represents the results obtained from a single rat.
G5° Sephadex (F1)
Salt—depleted (15)
1
Salt-loaded (39) I
I
—1.0
—40
$ I.'
I I I
0 40 80 120
rn/n
Natriuretic substances in urine 387
Table 2. Effect of extracts (F4) prepared on G25 Sephadex
Salt-depleted Salt-loaded Control rats
.
Subject
No.
UNV, tEq/min
Pre
UV, mi/mm
Pre
UNeV, iEq/mmn
Pre
UV, mi/mm
Pre
UNV, Eq/min
Pre
UV, mi/mm
Pre
23 3.23
3.84
+2.37
+1.56
0.20
0.26
+0.05
—0.02
3.28
1.37
+3.49
+3.26
0.21
0.18
+0.02
+0.02
1.24
1.92
+0.93
—0.23
0.16
0.20
+0.04
—0.03
24 1.00
2.40
+1.98
+2.69
0.17
0.20
+0.04
+0.02
2.19
1.50
+2.35
+2.11
0.15
0.19
+0.04
+0.01
1.48
3.08
+1.12
+0.2!
0.18
0.23
+0.01
—0.04
25 5.26
4.72
+1.32
—0.42
0.23
0.20
+0.0!
0
3.5!
3.96
+2.54
+2.85
0.18
0.22
+0.02
+0.0!
2.36
1.91
2.35
+1.0!
+1.67
—0.01
0.20
0.20
0.25
—0.01
+0.02
—0.04
26 5.93
4.41
—0.92
—0.23
0.26
0.24
—0.05
—0.03
1.56
1.60
+4.44
+5.19
0.19
0.19
+0.01
0
4.38
3.60
2.75
—1.46
+0.16
+0.59
0.20
0.25
0.20
—0.01
—0.06
—0.01
27 3.77
3.80
+1.86
+0.16
0.25
0.21
—0.03
0
2.18
4.85
+2.52
+0.32
0.20
0.23
0
—0.05
2.15
1.80
+0.11
+0.18
0.20
0.16
—0.02
+0.02
28 2.82
1.07
+0.48
+2.55
0.21
0.17
—0.02
+0.04
3.00
2.32
1.77
3.2!
+1.56
+1.72
+2.16
+3.09
0.19
0.20
0.19
0.19
+0.02
+0.02
0
+0.03
2.28
3.13
3.65
+0.35
—0.42
+1.19
0.19
0.23
0.16
—0.03
—0.05
+0.05
29 3.47
2.01
+1.73
+2.22
0.22
0.20
+0.01
+0.01
2.56
4.52
3.65
4.03
+3.03
+3.57
+0.37
+0.72
0.20
0.17
0.21
0.18
+0.01
+0.05
—0.04
+0.01
4.60
3.96
2.47
—1,93
—1.53
+0.30
0.22
0.18
0.21
—0.05
—0.02
—0.05
30 3.66
1.52
+0.23
+1.92
0.18
0.15
+0.02
+0.03
1.65
1.57
+2.79
+2.61
0.22
0.15
—0.04
+0.02
2.18
2.51
2.28
—0.39
—0.33
+0.48
0.13
0.19
0.17
+0.02
+0.01
+0.01
3! 1.08
1.71
+2.91
+1.48
0.18
0.22
+0.01
—0.01
1.27
1.58
+3.19
+3.06
0.16
0.16
+0.02
+0.01
1.71
2.07
2.07
+0.48
+0.53
+0.95
0.16
0.18
0.14
0
—0.01
+0.06
Mean
SD
3.b9
1.49
+1.33
1.16
0.21
0.03
0
0.03
2.60
1.12
+2.59
1.18
0.19
0.02
+0.01
0.02
2.58
0,89
+0.12
0.89
0.19
0.03
—0.01
0.03
Changes in urinary sodium excretion and urine volume of 24 control rats and 40 rats which received an iv. injection of extracts prepared
from the urine of subjects 23 to 31 when they were salt-depleted and salt-loaded. Pre = mean results during the 20 mm before the injection
of extract. = mean changes during the 60 mm after the injection.
change in creatinine excretion and the urinary so-
dium excretion.
2. Effect on urinary sodium excretion and urine vol-
ume of extracts (F1) prepared from the urine of subjects
15 to 22 when salt-depleted and salt-loaded (Table 1,
Figs. 2 and 3). a. Effect on urinary sodium excretion.
Injection of extracts prepared from the urine of the
subjects when salt-depleted caused the mean urinary
sodium excretion of 15 rats to rise from 3.69
tEq/min during the 40 mm before the injection, to
4.41 tEq/min during the subsequent two hours. Ex-
tracts prepared from the urine of the same subjects
when salt-loaded caused the mean urinary sodium
excretion of 39 rats to rise from 3.01 to 4.45
tEq/min. The rise in urinary sodium excretion
caused by extracts prepared from. the urine of the
subjects when salt-loaded was significantly greater
than that caused by extracts prepared from the urine
of the subjects when salt-depleted (2P < 0.005). The
increase in urinary sodium excretion caused by both
types of extracts was significantly greater than the
changes in urinary sodium excretion which occurred
in 41 control rats (2P < 0.001) (Fig. 2).
Both extracts produced a similar pattern of na-
triuresis (Fig. 3). The rise in urinary sodium excretion
was slow to develop; it was maximal in the second
hour and had not returned to baseline at the end of
the second hour.
b. Effect on urine volume. Injection of extracts pre-
pared from the urine of the subjects when salt-de-
pleted and salt-loaded was associated with a fall in
urine volume from 0.19 to 0.17 mI/mm and from 0.18
to 0.16 mI/mm, respectively. The urine volume of the
control rats did not change.
Extracts obtained with G25 Sephadex. 1. Effect on
urinary sodium excretion and urine volume of extracts
(F4) prepared from the urine of subjects 23 to 31 when
salt-depleted and salt-loaded (Table 2, Figs. 4 and 5) a.
Effect on urinary sodium excretion. Injection of ex-
tracts prepared from the urine of the subjects when
they were salt-depleted caused the mean urinary
sodium excretion of 18 rats to rise from 3.09 tEq/
mm during the 20 mm before the injection to 4.42
tEq/min during the following 60 mm. Extracts pre-
pared from the urine of the subjects when salt-
loaded caused the mean urinary sodium excretion of
22 rats to rise from 2.60 to 5.19 iEq/min. The rise in
urinary sodium excretion caused by the extracts
prepared from the urine of the subjects when salt-
loaded was singificantly greater than that caused by
extracts prepared from the urine of the subjects when
salt-depleted (2P < 0.005). The increase in urinary
sodium excretion caused by both types of extracts
was significantly greater than the changes which
occurred in the urinary sodium excretion of 24
control rats (2P < 0.001).
Both extracts produced a similar pattern of nat-
riuresis (Fig. 5). The rise in urinary sodium excretion
was maximal in the first 20 mm and had almost
returned to baseline values at the end of the first
hour. During the next hour there was a tendency for
the sodium excretion to rise again.
b. Effect on urine volume. Injection of extracts pre-
pared from the urine of the subjects when salt-de-
pleted caused no change in urine volume. Injection of
extracts prepared from the urine of the subjects when
salt-loaded was associated with an insignificant rise in
urine volume (+0.01 mI/mm). There was an in-
significant fall in the urine volume of the control rats
(—0.01 mI/mm).
2. Effect on urinary sodium excretion of extracts
(F4) prepared from the urine of subjects 23 to 25 when
salt-loaded, before and after treatment with thioglycol-
late (Table 3), Before treatment with thioglycollate,
injection of these extracts caused a mean rise in
urinary sodium excretion from 2.48 to 4.42 tEq/min.
After treatment with thioglycollate the extracts
caused a mean rise in urinary sodium excretion from
2.72 to 4.65 Eq/min. Thus, treatment with thiogly-
collate did not cause any significant difference in
natriuretic effect.
3. Effect of an injection of extract (F4) prepared
from the urine of subjects 27, 30, and 31 when salt-
depleted and subjects 27 to 31 when salt-loaded, on the
urinary 51Cr EDTA excretion rate of the rat. There
was no significant change in the urinary excretion of
51Cr EDTA due to an injection of extracts prepared
from the urine of the subjects when salt-depleted or
salt-loaded.
Preparation of long-acting natriurelic material
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G25 Sephadex (F4}
Salt—depleted Salt—loaded Control rats
5.0' x
x
4.0 -
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x
x
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2P<0.001
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Fig. 4. Changes in the urinary sodium excretion of rats given extracts (F4) prepared on G25
Sephadex from the urine of subjects 23 to 31 when salt-depleted and when salt-loaded, and of
control rats given dextrose saline. Each cross represents the results obtained from a single
rat.
I6.0
5.0
4.0
3,0
2.0
1.0
0
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C25 Sephadex (F4)
Salt-loaded (22)
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Fig. 5. Mean changes in the urinary sodium excretion of control rats
and of rats given extracts (F4) prepared on G25 Sephadex from the
urine of subjects 23 to 31 when salt-depleted and salt-loaded. Num-
ber of rats is in parentheses.
from the urine initially separated on G25 Sephadex,
and preparation of short-acting natriuretic material
from urine initially separated on G50 Sephadex. These
cross-over experiments were performed by further
separation procedures. Fraction I (F1) from the in-
itial G25 separation was gel filtered again on 050
Sephadex, and fraction 3 (F3) from the initial G50
separation was gel filtered again on G25 Sephadex.
1. Effect of extract (F1) from G25 Sephadex before
and after further separation on G50 Sephadex (Table
4). These extracts were prepared from subjects 28 to
31 when they were salt-loaded. Before further separa-
tion extract F1 prepared from G25 Sephadex caused
the urinary sodium excretion often rats to rise from a
mean of 2.00 zEq/min during the 40 mm before the
injection of extract to a mean of 2.95 tEq/min during
the following two hours. This change was signifi-
cantly different from the ten control rats (2P < 0.05).
When this fraction (F1) from 025 Sephadex had been
further separated on 050 Sephadex, the extract ob-
tained from the first fraction (F1—G50) from this fur-
ther separation caused the urinary sodium excretion
of ten rats to rise from a mean of 2.04 to 4.47
iEq/min. This rise was significantly greater than that
obtained with extracts (F1) prepared from 025 Seph-
adex before further separation (2P < 0.002). The
pattern of natriuresis was the same as that obtained
from fraction 1 from an initial G50 Sephadex separa-
t ion.
2. Effect of extract (F3) obtained from G50 Seph-
adex after further separation on G25 Sephadex (Table
5). These extracts were prepared from subjects 16 to
19 when salt-loaded. When fraction 3 from the 050
Sephadex column had been further separated on G25
Salt-depleted (18)
—1.0
-
—40 0 40
mm
80 120 —40 0 40
mm
80 120
Control rats (24)
3
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Table 3. Effect of treatment with thioglycollate on the natriuretic activity of extracts (F4) prepared on G25 Sephadex
Untreated Treated with thioglycollate
Dextrose saline treated with
thioglycollate
UNV, zEq/min UNaV, jEq/minUNV, Eq/min
PreSubject No. Pre i Pre
23
24
25
3.48
1.80
2.81
3.01
2.00
1.76
+1.75
+2.20
+2.97
+2.49
+0.95
+1.28
3.10
1.85
2.03
3.87
1.67
3.83
+2.72
+2.05
+2.15
+1.05
+2.36
+1.23
1.09
1.90
3.55
2.66
1.47
3.90
4.58
4.14
+0.89
+2.01
—0.14
+0.44
+1.50
+0.30
—0.34
+0.47
Mean
SD
2.48
0.72
+1.94
0.76
2.72
1.00
+1.93
0.65
2.91
1.32
+0.64
0.79
Changes in urinary sodium excretion in six control rats, in six rats which received an i.v. injection of extract F4 from the G25 separation,
and in six rats which received an injection of the same extract after treatment with thioglycollate.
Sephadex, the i.v. injection of the extract obtained
from the fourth fraction (F4—G25) of this further
separation caused the urinary sodium excretion of
eight rats to rise from a mean of 2.60 zEq/min during
the 20 mm before the injection to a mean of 4.93
Eq/min during the following 60 mm. This change
was significantly greater than that of the control rats
(2P < 0.001). The pattern of change was similar to
that which occurred with fraction 4 obtained by sepa-
rating whole freeze-dried urine on G25 Sephadex.
3. Effect of urinary salt concentration on the extrac-
tion of natriuretic substances from the urine of the
subjects when salt-depleted (Fig. 6). a. Extracts (F1)
prepared on G50 Sephadex from the urine of subjects
15 to 22. Extracts prepared from urine containing less
than 25 mEq of sodium in each 24-hr collection, and
to which no sodium chloride had been added before
freeze-drying, caused the urinary sodium excretion of
16 rats to rise from a mean of 2.82 to a mean of 4.62
tEq/min. This rise was significantly greater than that
produced by extracts prepared from the same urine
after adding 300 mEq of sodium chloride to each 24-
hr of urine before extraction (2P < 0.005).
b. Extracts (F'4) prepared on G25 Sephadex from the
urine of subjects 26 to 31. Extracts prepared from
urine containing less than 25 mEq of sodium in each
24-hr collection to which no sodium chloride had
been added before freeze-drying caused the urinary
sodium excretion of 12 rats to rise from a mean of
2.36 to a mean of 4.27 tEq/min. The mean rise was
greater than that produced by extracts prepared from
the same urine after adding 300 mEq of sodium chlo-
ride to each 24-hr sample of urine before extraction
but just failed to reach the 5% level of significance.
4. Effect of heat on natriuretic activity of extracts
obtained from the urine of salt-loaded subjects (Table
Table 4. Effect of extract (F1) from G25 Sephadex before and after further separation on G50 Sephadexa
Before After Control dextrose saline
UNaV, aEq/min UNaV, j.tEq/min UNaV, MEq/min
Subject No. Pre t Pre t Pre L
27
28
29
30
31
Mean
SD
1.01
1.18
1.94
3.22
2.69
2.65
1.62
1.70
1.81
2.18
2.00
0.69
—0.37
+1.04
+1.51
+0.85
+2.10
+1.59
+0.21
+0.70
+1.04
+0.86
+0.95
0.70
1.02
1.56
1.95
2.98
3.14
2.20
1.78
1.72
1.97
2.11
2.04
0.63
+2.21
+1.17
+5.45
+2.71
+1.92
+2.68
+1.79
+1.50
+2.85
+2.01
+2.43
1.19
6.17
2.24
2.50
4.06
1.58
1.60
2.79
4.97
3.70
1.10
3.07
1.63
—0.30
—0.06
+0.43
—0.39
+0.16
+0.87
+1.35
—1.55
—1.80
+0.29
—0.10
0.98
a Changes in urinary sodium excretion in ten control rats and 20 rats which received an iv. injection of extract F1 from G25 Sephadex
separation either before or after further separation on 050 Sephadex. The extracts were prepared from the urine of subjects 27 to 31 when
salt-loaded. Before = extract prepared from fraction 1 (F1) from G25 Sephadex separation. After = extract prepared by further separation
on 050 Sephadex of fraction 1 (F1) from G25 Sephadex.
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Table 5. Effect of fraction 3 (F3) from G50 Sephadex after further
separation on G25 Sephadexa
.
Subject
No.
Extract F3 — G50after
separation on G25
Control dextrose
saline
UNaV,tiEq/min UNV,LEq/min
Pre Pre
16 3.59 +2.06
3.67 +2.85
3.92 +0.22
4.49 —0.53
17 2.02 +1.74
2.17 +2.16
3.67 +0.77
2.04 +0.74
18 2.48 +2.13
3.22 +2.66
2.34 +0.52
3.70 —1.80
19 2.00 +2.74
1.69 +2.65
1.20 —0.13
3.55 —0.52
Mean 2.60 +2.33 3.11 —0.09
so 0.78 0.41 1.12 0.86
Changes in urinary sodium excretion in eight control rats and
eight rats which received an i.v. injection of extract F3 from the
G50 Sephadex separation after further separation on G25
Sephadex. The extracts were prepared from the urine of subjects
16 to 19 when salt-loaded.
6). a. Extracts (F1) prepared on G50 Sephadex from
the urine of subjects 18 to 22. Before heating, the
extracts caused the sodium excretion of ten rats to
rise from a mean of 2.32 to a mean of 4.37 tEq/min.
After heating at 100°C for 15 mm, the extracts caused
a significant rise in the sodium excretion from a mean
of 2.37 to a mean of 3.60 .tEq/min in ten rats (2P =
0.01). The rise in sodium excretion caused by heated
extracts was significantly lower than that caused by
unheated extracts (2P < 0.05).
b. Extracts (F4) prepared on G25 Sephadex from the
urine of subjects 27 to 31. Unheated extracts caused a
mean rise in the urinary sodium excretion often rats
from 2.80 to 4.98 tEq/min. This change was not
significantly different from the rise in urinary sodium
excretion from 3.09 to 5.12 sEq/min caused by ex-
tracts which had been heated at 100°C for 15 mm.
Discussion
The results demonstrate that the urine of normal
man when extracted by the two methods described
contains two natriuretic substances. The one ob-
tained from G50 Sephadex has a molecular weight
probably greater than 30,000. Its natriuretic activity
is slow to develop, reaches a maximum an hour after
injection and is present thereafter for at least another
hour. The other natriuretic substance obtained from
G25 Sephadex has presumably a smaller molecular
weight, probably less than 3,000. Its action is immedi-
ate and maximal within 20 mm after injection. There
is little activity demonstrable after the first hour.
Both substances are present in the urine of salt-
loaded and salt-depleted subjects. The rise in urinary
G6° Sephadex G25 Sephadex
Without added NaCI
Fig. 6. The effect ofsalt concentration on the extraction of natriuretic substances obtained on
G50 and G25 Sephadex from the urine of subjects 15 to 22 and 26 to 31 when salt-depleted.
Without added NaCI With added NaCI With added NaCI
3.0
2.0
1.0
0
—1.0
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Table 6. Effect of heat on natriuretic activity of extracts F1 from the G50 separation and F4 from the G25 separations
G50 Extract"
.
Subject
No.
G25 Extractc
Unheated Heated Unheated Heated
.
Subject
No.
UV, tEq/min UNV, tEq/min
.
U?,V, l1Eq/min UNV, Eq/min
Pre A Pre A Pre A Pre A
18
19
20
21
22
Mean
SD
3.63 + 1.05
2.41 +1.64
2.55 +1.50
2.05 +2.08
1.26 +2.88
1.68 +2.59
3.15 +2.89
3.06 +2.40
1.00 +2.22
2.39 +1.30
2.32 +2.05
0.84 0.65
1.16 + 1.03
2.64 +1.91
1.26 +0.79
4.29 —0.19
2.39 +1.43
2.18 +1.96
3.34 +1.44
1.70 +2.57
2.37 +1.98
2.34 —0.66
2.37 +1.23
0.93 1.01
27
28
29
30
31
2.27 +0.64
2.95
2.63 +1.10
2.81 +2.97
3.01 +2.49
1.05 +2.01
3.36 +1.41
4.29 +2.41
2.82 +4.32
2.80 +2.18
0.86 1.09
1.22 +3.11
3.05 +0.82
1.41 +2.21
2.69 +0.66
2.57 +2.76
4.07 +1.66
3.22 +0.49
1.02 +3.64
5.11 +2.83
6.53 +2.12
3.09 +2.03
1.76 1.10
The effect of heat on the natriuretic activity of F1 from the G50 separation of urine from subjects 18 to 22 when salt-loaded and of F4 from
the G25 separation of urine from subjects 27 to 31 when salt-loaded.
Extract F, prepared on G50 Sephadex.
Extract F4 prepared on G25 Sephadex.
sodium excretion was not accompanied by any
change in urinary potassium excretion.
The presence of the higher molecular weight long-
acting substance obtained from the G50 Sephadex
separation has previously been described in the urine
of salt-loaded subjects, by Sealey, Kirshman and
Laragh [1], Sealey and Laragh [2] and Brown,
Koutsaimanis and de Wardener [3]. But the technique
used here was different in some respects to that used
by these previous workers. In the experiments de-
scribed here, freeze-dried 24-hr urine was dissolved in
a larger volume of acetic acid; it was applied to larger
columns, and only the first one-half of the eluate
emerging before the salts was used to make extracts.
The aim of these modifications was to obtain larger
amounts of a more purified natriuretic material. The
first set of experiments (subjects 1 to 14) was, there-
fore, performed to demonstrate that with these modi-
fications natriuretic material still could be obtained
from the urine of subjects when they were salt-
loaded,
The second series of experiments (subjects 15 to 22)
demonstrates that the magnitude of the natriuresis
obtained with the first fraction from the G50 Seph-
adex separation was less with extracts obtained from
the urine of salt-depleted subjects than from the urine
of salt-loaded subjects, but that, nevertheless, the
extracts from the urine of the salt-depleted subjects
contained significant amounts of natriuretic material.
This finding is at variance with previous findings
including those from this laboratory [1—3]. Previous
workers did not demonstrate significant natriuretic
activity in the urine of salt-depleted subjects. This
discrepancy is surprising since these workers did not
standardize the extraction conditions. They did not
ensure that by adding salt to the urine of the salt-
depleted subjects the content of sodium in the urine
obtained during salt-depletion and salt-loading was
the same before the extraction procedures were begun.
As the addition of sodium chloride diminishes the
amount of natriuretic substances which can be ex-
tracted, the failure to add salt to the urine of salt-
depleted subjects should have permitted easily detect-
able amounts of natriuretic activity to be extracted.
Laragh's group [1,2] did not give sufficient details of
their extraction procedure to enable this paradox to
be resolved. Brown, Koutsaimanis, and de Wardener
[3], however, stated that freeze-dried 24-hr urine was
extracted into only 15 to 20 ml of 0.1 M acetic acid
before it was applied to the Sephadex column. The
concentration of salts in this volume of acetic acid
would therefore have been considerable and com-
parable to that in the present study where a freeze-
dried 24-hr urine sample to which sodium had been
added was extracted into 100 ml of 0.1 M acetic acid.
In other words, the high concentration of salts in the
urine of the salt-depleted subjects during the extrac-
tion procedure, which was brought about deliberately
in the present study, occurred inadvertently in the
first study, and the amount of natriuretic activity
extracted would have been reduced to the same ex-
tent. Nevertheless, the extracts should still have con-
tained detectable amounts of natriuretic activity. It is
to be noted that the injection of extract, prepared
from the urine obtained during salt-depletion in the
first study and extracted with this inadvertently high
concentration of sodium, did cause a small but signif-
icant natriuresis (2P < 0.04) but this became in-
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significant when compared with control rats. The
inability to detect natriuretic activity in the urine of
salt-depleted subjects in the earlier experiments may
have been due to each extract having been assayed on
only one rat. At that time the extent of the "noise"
level of the assay was not appreciated, i.e., that al-
though in 138 control rats the mean change in urinary
sodium excretion is +0.01 tEq/min, the standard
deviation is 0.71 with a range of +2.0 to —2.2
iEq/min (see following). Each extract in the present
study was assayed on two or more rats.
The smaller molecular weight-quick-acting natriu-
retic material which was obtained from the 025
Sephadex was eluted in the same fraction as the na-
triuretic material described by Favre et at [4,5] in the
urine of normal dogs given large amounts of sodium
chloride (258 mEq/day). But when this fraction was
obtained from the urine of dogs on a low sodium
intake (3 mEq/day), or a normal sodium intake (91
mEq/day), it was not natriuretic. In the experiments
described here and in those described by Favre et al
[4,5], the extract injected into the rat was that ob-
tained from two hours of urine. The excretion rate of
natriuretic material is probably proportional to body
weight; it is possible, therefore, that the difference
between the two sets of results is due in part to the
difference in weight between a man and a dog. In
addition, the extracts of Favre et al [4,5] were tested
on recently anesthetized uremic rats weighing 180 to
270 g. In the present study extracts were tested on
normal, conscious, unoperated, water-loaded rats
weighing 105 to 135 g which is probably a more
sensitive assay.
The low concentration of salts in the urine of the
salt-depleted subjects significantly increased the
amount of high molecular weight natriuretic mate-
rial, which could be extracted from the freeze-dried
urine before it was applied to the G50 Sephadex
column. Similarly, there was less natriuretic activity
in five out of six extracts prepared on 025 Sephadex
from the urine of salt-depleted subjects when salt had
been added to the urine before extraction. It is to be
noted that if the concentration of salt in the urine
obtained during salt-depletion was not adjusted to be
the same as that in the urine obtained during salt-
loading, the natriuretic activity of the two urines was
the same. It is possible, therefore, that a high concen-
tration of salt diminishes the solubility of both the
large and the small molecular weight substances in
aqueous solvents. It follows that, with the present
extraction procedures, some of the natriuretic activity
in the urine of salt-loaded subjects may not be ex-
tracted. It is clear that when comparing the amount
of natriuretic activity present in urines containing
varying quantities of sodium chloride, the content of
sodium chloride should be brought to the same con-
centration before an extraction procedure is begun.
The further separation experiments which were
performed reveal why these two natriuretic sub-
stances were not demonstrated with a single Seph-
adex separation. With the 050 Sephadex the long-
acting, larger molecular weight substance appears in
the first fraction and its natriuretic properties are
easily detected. It is now clear that the short-acting,
smaller molecular weight substance was not detected
because it emerged with the fraction containing the
salts, and was previously discarded because the salt
concentration made it unsuitable for i.v. injection.
Nevertheless, if this fraction is further separated on
G25 Sephadex, the greater retardation properties of
this gel separate the smaller molecular weight mate-
rial from the salts so that its natriuretic activity can
be demonstrated. Alternatively, when the freeze-
dried urine is initially separated on G25 Sephadex,
the short-acting, smaller molecular weight material
appears in the post-salt fraction and its natriuretic
properties are easily detected, whereas the natriuretic
properties of the long-acting, larger molecular weight
material contained in the first fraction are not easily
detectable. When, however, this fraction is further
separated on G50 Sephadex, which fractionates sub-
stances of higher molecular weight, the natriuretic
properties of this long-acting material can easily be
demonstrated. The 050 Sephadex separation pre-
sumably separates the long-acting substance from
some other material which diminishes its natriuretic
activity.
Neither of the natriuretic materials is likely to be
arginine vasopressin, for the slight antidiuretic effect
of the larger molecular weight material obtained
from the G50 Sephadex was not destroyed by thiogly-
collate and the natriuretic activity of both materials
was not diminished by treatment with thioglycollate
or destroyed by heating at pH 7.3. There was no
evidence that the natriuretic activity of either mate-
rial was related to changes in glomerular filtration
rate. Previous workers [1,2,5] have demonstrated that
the administration of urinary extracts from salt-
loaded subjects, obtained by gel filtration on either
G50 or G25 Sephadex, is not associated with a
change in glomerular filtration rate, or in arterial
pressure.
Whether there is any relationship between the
long- and the short-acting natriuretic material is not
known. It is possible that the long-acting material is a
precursor to the short-acting material, which would
explain why the natriuretic activity of the long-acting
material is delayed after its injection into the animal.
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The presence of natriuretic activity in the urine of
salt-depleted subjects, and the finding that its activity
is only twice as great in the urine of salt-loaded
subjects, is analogous to that of the urinary excretion
of vasopressin and aldosterone. The urinary excre-
tion of arginine vasopressin continues during a water
diuresis and only rises by approximately 100% over a
range of osmolality from 50 to 1200 mOsm/kg of
H20 [10]. Similarly, when the urinary sodium excre-
tion is 350 mEq/day, aldosterone excretion is about
10 pg/day, whereas with a urinary sodium excretion
of 25 mEq/day it only rises to about 30kg/day [11].
If either of the natriuretic substances described here is
of physiological importance in the control of sodium
excretion, it is not unreasonable that they should be
present in the urine of both salt-loaded and salt-
depleted subjects. Urinary sodium excretion would
be thus controlled by two opposing hormones, al-
dosterone on the one hand and natriuretic hormone
on the other, a system which would allow much finer
control than either alone.
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